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R923of Eurydice circatidal rhythms but had
no effect on Platynereis circalunar
rhythms.Together, these studies
suggest that the molecular
mechanisms by which intertidal
species endogenously time their
biology to lunar-day or lunar-month
tides can differ from the mechanisms
underlying circadian time
measurement. Further study of
circatidal mechanisms may ultimately
find that different intertidal species
have enlisted different processes to
respond to the selective pressure of the
tidal environment. The conservation of
circadian molecular clock components
among metazoans ranges from
annelids to humans and has allowed
circadian biologists to use the first
identified clock genes in model
systems to characterize circadian
molecular clocks from diverse
creatures. Parsimonious and
economical evolutionary processes
might have been predicted to co-op
the same components to measure
tidal time, but evolution appears to
have selected distinct clockwork
mechanisms to manage cyclic tidal
challenges alongside the daily
program. Future research will hopefully
identify the molecular components of
these tidal timekeepers and how they
are modulated to provide different
patterns along coasts with different
tidal regimes. Such studies shouldalso identify how these components
interact with the circadian clock
machinery. This interaction could take
place at the single cell level or it may
involve separate circatidal/circalunar
neuronal networks that interact with
circadian ones. Could common
molecular components or regulators
such as CK1 couple the circatidal and
circadian timekeepers? A deeper
understanding of circatidal and
circalunar timepieces will be critical to
assess how intertidal organisms and
their uniquely diverse ecosystems
respond to the changes in
environmental cycles that they use as
cues to entrain their clocks.References
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Its WingsChromosome segregation requires the removal of cohesion and catenation
between sister chromosomes, two physical linkages established during DNA
replication. Two new studies reveal that, among other functions, the wings
apart-like protein (Wapl) coordinates cohesin removal with decatenation
of sister chromosomes during mitosis in mammalian cells.Hongtao Yu
Genome maintenance relies on
accurate and coordinated execution
of DNA replication and chromosome
segregation. Genomic instability,
such as chromosome aberrations
and aneuploidy, can promote
tumorigenesis. During DNA replication,
sister chromosomes become
physically tethered to each other
through sister-chromatid cohesionand DNA catenation. During mitosis,
both cohesion and catenation have
to be removed to permit chromosome
segregation. Cohesion establishment
and removal involve controlled
interactions between cohesin
and its regulators. First identified
as a regulator of mitotic chromosome
morphology inDrosophila [1], Wapl has
since been shown to play a conserved
role in removing cohesin from
chromosomes [2]. Two new studieshave now established a physiological
function of Wapl in coordinating
cohesin removal with decatenation
of sister chromosomes during mitosis
of mammalian cells [3,4].
Cohesin is a ring-shaped complex
that encircles chromosomes. It is
loaded on chromosomes during
telophase and G1, but can be
dynamically removed by Wapl prior to
DNA replication. Wapl contains
multiple helical repeats commonly
found in chaperones and scaffolding
proteins [5,6]. It is thought to promote
cohesin release by transiently opening
the cohesin ring [7–9]. During DNA
replication, cohesin is acetylated and,
in mammalian cells, binds sororin
through the adaptor protein Pds5 [10].
Sororin counteracts Wapl to stabilize
cohesin on sister chromosomes,
thereby establishing functional
cohesion.
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Figure 1. The many functions of Wapl in chromosome biology.
In interphase, Wapl limits the stability of cohesin–chromosome association or the extent of co-
hesin-mediated chromosome looping, thereby regulating chromatin structure and transcrip-
tion. In prophase, mitotic kinases phosphorylate cohesin and its regulators. Wapl then triggers
the release of phosphorylated cohesin from sister chromatids. This prophase cohesin removal
pathway permits sister-chromosome decatenation by topoisomerase II (Topo II) and possibly
the PICH–BLM–Topo III complex. Centromeric cohesin is protected from Wapl by Sgo1–PP2A
(not shown here) at prophase. At the metaphase–anaphase transition, centromere cohesin is
cleaved by the protease separase. Complete decatenation in anaphase then allows sister-
chromatid separation. Cohesin released by Wapl in prophase is recycled and loaded onto
chromosomes in the next interphase to mediate chromatin structure and transcription.
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mammalian cells occurs in two discrete
steps (Figure 1). In prophase, sororin
bound to cohesin at chromosome arms
is phosphorylated by mitotic kinases,
and dissociates from Pds5 [10,11].
This allows Wapl to gain access to
Pds5 and to remove cohesin from
chromosome arms. Cohesin at
centromeres, however, is not removed,
because it binds shugoshin (Sgo1) and
protein phosphatase 2A (PP2A) [12].
Cohesin-bound Sgo1-PP2A keeps
sororin unphosphorylated, thereby
shielding centromeric cohesin from
Wapl. At metaphase, centromeric
cohesion enables sister kinetochores
to attach to microtubules emanating
from opposite poles. Improper
kinetochore-microtubule attachments
are corrected by the centromere kinase
Aurora B [13]. The balance of cohesion
and spindle-pulling force creates
tension across sister kinetochores
that reach bipolar attachment, leading
to the dissociation of Sgo1-PP2A
from cohesin [14]. The protease
separase then cleaves the unprotected
centromeric cohesin to initiate
chromosome segregation.
It is unclear why cells go through
this seemingly superfluous, step-wise
cohesin removal process. The purpose
of Wapl-dependent cohesin removalfrom chromosome arms in prophase
has remained enigmatic. Two studies
have now provided key insights into
this issue [3,4]. They show that
Wapl-mediated cohesin removal in
prophase facilitates sister-chromosome
decatenation, enriches Aurora B at
centromeres, and preserves cohesin for
use in the next interphase.
In the first study, Tedeschi et al.
generated a conditional knockout
mouse of Wapl [3].Wapl-null animals
exhibited embryonic lethality,
indicating a requirement for Wapl
during development. They then
investigated the function of Wapl in
mouse embryonic fibroblasts (MEFs)
with Wapl inducibly deleted. They
found that Wapl inactivation stabilized
cohesin on chromosomes in
interphase. A complete inactivation
of Wapl produced striking, worm-like
cohesin assemblies in interphase
MEFs, and caused precocious
condensation of interphase chromatin.
Wapl-null MEFs failed to proliferate,
and could not initiate DNA replication.
The failure of Wapl-null cells to
replicate DNA was not due to a direct
requirement for Wapl in DNA
replication. Instead, this defect was
attributed to a G1 cell cycle block that
was likely caused by decreased
transcription of growth-promotinggenes, including Myc. Cohesin had
been previously shown to co-localize
with the chromatin insulator CTCF
throughout the mammalian genome
and to regulate transcription in
interphase possibly through mediating
the formation of intra-chromosome
loops [15]. Wapl inactivation did not
alter the cohesin- or CTCF-binding
sites in the genome. CTCF was present
in the worm-like cohesin assemblies
in Wapl-null cells, although whether
CTCF was required for such
assemblies was not tested. Therefore,
Wapl appears to control the extent
and dynamics of cohesin-mediated
chromosome looping and folding in
interphase. In the absence of Wapl,
existing cohesin–chromosome
interactions become stagnant, altering
chromatin conformation and affecting
transcription (Figure 1).
Tedeschi et al. then examined the
phenotypes of cells that had residual
Wapl and progressed to mitosis [3].
These Wapl-deficient cells had severe
chromosome segregation defects.
In anaphase, they frequently had
chromosome bridges, as well as DNA
threads coated with the Bloom’s
syndrome helicase (BLM) and believed
to contain concatenated DNA.
(BLM, the chromatin-remodeling
enzyme PICH, and the DNA
topoisomerase Topo III form a complex
that coats and helps to resolve
anaphase DNA threads connecting
separated sister chromosomes,
including unresolved concatenated
DNA [16,17].) Interestingly, more
cohesin was cleaved by separase at the
metaphase–anaphase transition in
Wapl-deficient cells. Consequently,
less cohesin was loaded on interphase
chromatin in the daughter cells.
It had been previously shown that
chromosome-bound cohesin impeded
decatenation [18], and was more
efficiently cleaved by separase
than was cytosolic cohesin [19]. Thus,
the results of Tedeschi et al. suggest
that the Wapl-mediated, prophase
pathway of cohesin removal contributes
to decatenation of sister chromosomes
and preserves most cohesin for use
in the ensuing interphase (Figure 1).
In the second study, Haarhuis et al.
tested the functions of Wapl in
non-transformed, diploid human retinal
pigment epithelial (RPE-1) cells that
were depleted of Wapl with RNA
interference (RNAi) [4]. They too found
that Wapl-deficient RPE-1 cells had
chromosome segregation errors
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chromosomes and increased numbers
of PICH threads that presumably
contained concatenated DNA. Failure
to resolve these threads caused
micronuclei formation in daughter
cells. The divided cells also had
DNA damage, which imposed a
p53-dependent G1 cell cycle block.
Inactivation of p53 allowed
Wapl-deficient cells to proliferate
and become aneuploid. Therefore,
prophase cohesin removal by Wapl is
also required for timely decatenation of
sister chromosomes in human cells.
Compared to control cells,
Wapl-deficient RPE-1 cells had more
anaphase PICH threads connecting
the arms of separated sister
chromosomes, likely as a result of
delayed cohesin removal from these
locations. Unexpectedly, these cells
also hadmore PICH threads connecting
separated sister centromeres. This
finding raised the intriguing possibility
that not all cohesin at centromeres was
protected by Sgo1-PP2A. A pool of
centromere cohesin might be removed
by Wapl, and this pruning of cohesin
population at centromeres facilitated
decatenation. Alternatively, following
separase-mediated cohesin cleavage
and anaphase onset, Wapl-deficient
cells needed to quickly resolve large
amounts of concatenated DNA
at chromosome arms. This situation
overwhelmed the decatenation
machinery, indirectly causing inefficient
decatenation at centromeres.
In addition to compromising
decatenation, Wapl inactivation
reduced the concentration of Aurora B
at centromeres. As a result, Wapl RNAi
cells could not efficiently correct
erroneous kinetochore–microtubule
attachment, and displayed
chromosome alignment defects.
Sgo1 was known to be required for the
centromere targeting of Aurora B, and
was found to interact with the Aurora
B-containing complex [20]. Because
cohesin on chromosome arms was not
efficiently removed in Wapl-deficient
cells, the extra arm cohesin delocalized
Sgo1 to entire chromosomes through
the aforementioned cohesin-Sgo1
interaction. The delocalized Sgo1 likely
brought with it the Aurora B-containing
complex, explaining the defective
centromere localization of Aurora B
in Wapl-deficient cells.
The two new studies highlight the
interconnected nature of diverse
cellular processes. Through its abilitiesto tether sister chromatids and to
create intra-chromosome loops,
cohesin regulates many facets of
chromosome biology. Being a key
cohesin regulator, Wapl spreads its
wings to influence a wide range of
events key to genome maintenance,
from chromatin structure to
kinetochore–microtubule attachment
to DNA decatenation.
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Overhead DangerMice show an innate protective behavior to looming shadows approaching
from above: they either run for cover or freeze in place. This newly discovered
‘looming response’ adds to the repertoire of stereotyped behaviors that can be
utilized to study visual pathways.Thomas A. Mu¨nch
Mice are not known for their excellent
vision. Their visual resolution is farworse than that of humans; they can
distinguish black-and-white stripe
patterns only about 100 times as
coarse as we can. Granted, our
